Abstract: Upland fringes of the White Carpathians (Czech Republic) are known to support grasslands with the world's highest local plant species richness. We investigated whether this unusually high plant richness has a parallel in snail communities, whether patterns of species composition of snail and plant communities in grasslands co-vary and how they are affected by local environment and landscape history. We compared plant and snail communities of dry to mesic grasslands in three neighbouring regions: (1) hilly lowland of the Central Moravian Carpathians, (2) upland fringes and (3) upland of the White Carpathians. Both snail and plant communities exhibited a strong gradient in species composition associated with altitude, annual temperature and precipitation, soil calcium and pH. However, there was no correlation between local species richness of plants and snails in individual plots. The upland fringes of the White Carpathians were richest in snail species, probably due to intermediate environmental conditions, supporting the occurrence of species with contrasting environmental requirements. The highest local numbers of plant species were also recorded there, although differences among regions were not significant. The regional species richness of plants was also highest in the upland fringes, whereas that of snails was highest in the hilly lowland. Similarities in the diversity patterns of plants and snails among regions suggest the importance of regional factors for local richness, although local abiotic factors, which are partly correlated with the three regions, also influence local species composition and richness.
Introduction
Various ecological and historical processes influence species richness on both local (alpha diversity) and regional (gamma diversity) scales. Local species richness is partly influenced by a combination of local factors, i.e. site conditions and interspecific interactions, partly by regional factors, i.e. speciation, migration and population persistence, which depend on evolutionary processes and past migration patterns, and are influenced by landscape history (Huston 1979; Ricklefs 1987; Cornell & Lawton 1992; Ricklefs & Schluter 1993; Hillebrand & Blenckner 2002) . Regional factors and resulting regional species richness limit local species richness, especially in unsaturated communities; therefore local species numbers frequently correlate with the number of species in the surrounding landscape (e.g., Cornell 1999; Srivastava 1999) . Cornell (1999) also suggested that the influence of local environmental factors, which are known to have strong effects on local richness, can be severely constrained by history. The Holocene landscape history of Central Europe has been closely connected with human activities: new habitats have been created and others have been changed considerably (Ložek 1964) . Most Central European grasslands originated following deforestation since the Neolithic, and are thus tightly dependent on regular management such as mowing or grazing, which prevent successional change towards scrub and forest vegetation (Ellenberg 1988; Poschlod et al. 2009; Navarro & Pereira 2012; Hejcman et al. 2013) .
Although being secondary, many grassland ecosystems possess a considerable proportion of European biodiversity and harbour a large number of endangered and relic species. The White Carpathian Mountains in the south-east of the Czech Republic support grasslands of the highest alpha diversity of vascular plants known worldwide for several plot sizes (Wilson et al. 2012) . Possible causes of this exceptionally high species richness have been examined in several studies (Klimeš 1997 (Klimeš , 2008 Hájková et al. 2011; Merunková et al. 2012) , and a joint effect of many factors ranging from local abiotic conditions to landscape history, with no single factor being particularly dominant, has been proposed as an explanation. Local factors considered to be most important include a soil pH suitable for many plant species, the soil nutrient status and moisture regime, coupled with regular low-intensity management. Re-Diversity of Carpathian grasslands gional factors include the prehistoric origin and longterm continuity of open habitats in the landscape, facilitating the survival of many light-demanding species throughout the period of forest spread in the Holocene climatic optimum.
However, such a set of specific environmental conditions in a suitable historical setting, which favours exceptionally high plant richness, might not necessarily translate into a high diversity of other groups of organisms. For example, snail species richness is generally low in grasslands (Cameron & Morgan-Huws 1975; Lisický 1991; Horsák 2001; Labaune & Magnin 2002; Dvořáková & Horsák 2012) , as the Central European mollusc fauna includes only a limited number of species adapted to open habitats (Ložek 1964) . Most snail species of the temperate zone inhabit forests, which offer a broader range of microhabitats, more stable microclimatic conditions and shelters to survive dry or cool periods (Ložek 1956; Martin & Sommer 2004b) . Moreover, forest snails can obtain sufficient calcium even on acidic bedrock from the calcium-rich leaf litter of some trees, e.g., ash, lime, maple and elm (Wäreborn 1969) , whereas grassland species are more closely dependent on soil properties and mostly require limestone or another calcium-rich substratum (Ložek 1962) .
Despite differences in both regional and local diversities, snail and plant communities often respond to similar environmental factors (Boycott 1934; Cameron et al. 1980; Horsák & Hájek 2003; Boschi & Baur 2008; Dvořáková & Horsák 2012 ) and follow similar dispersal pathways . Strong similarities that have been reported between the patterns of plant and snail communities are partly causal, mediated through the effect of vegetation structure on microclimate (Boycott 1934; Karlin 1961; Cameron et al. 1980; Labaune & Magnin 2001 , but partly caused by the independent response of the two taxa to environmental (and perhaps also historical) factors, as indicated by parallel variation in plant and snail species composition (Horsák & Hájek 2003; Horsák et al. 2007a, b; Dvořáková & Horsák 2012) .
In this study, we compared the patterns of snail and plant species composition and richness in grasslands. We were particularly interested in grasslands of the White Carpathian Mountains, famous for their species-rich plant communities, because knowledge of species richness patterns in other taxa than vascular plants might suggest new hypotheses concerning the processes that have led to the formation of species-rich plant communities. We asked (i) whether the unusually high plant richness of grasslands in the south-western part of the White Carpathians has a parallel in snail communities, and (ii) how local environment and landscape history shape the composition of the grassland communities of plants and snails.
Material and methods

Study area
We sampled grasslands in the south-western White Carpathians, which contain the most species-rich grassland plant communities in the world (Jongepierová 2008; Merunková et al. 2012; Wilson et al. 2012) , and two adjacent regions. The three regions studied were the following ( Fig. 1) : the Central Moravian Carpathians (hereafter called hilly lowland), the south-western White Carpathians (upland fringes) and the north-eastern White Carpathians (upland). The hilly lowland region is situated at the edge of the southern Moravian forest-steppe area, whereas the latter two regions are in the area belonging to the biome of broad-leaved deciduous forest (Chytrý 2012) . Our study focused on the semidry to dry grasslands, which are generally characterised by a high species richness of vascular plants. It included semidry grasslands ('meadow steppes' or 'tall-grass steppes') of the phytosociological alliances Cirsio-Brachypodion pinnati and Bromion erecti and their transitions to either mesic meadows of Arrhenatherion elatioris or narrow-leaved dry grasslands ('true steppes' or 'short-grass steppes') of Festucion valesiacae Illyés et al. 2007; Jongepierová 2008; Dúbravková et al. 2010; Škodová et al. 2011) . Most of the studied grasslands were mown once a year in June or July, exceptionally twice a year, and a few sites were extensively grazed.
All the three regions belong geologically to the Flysch Belt of the Outer Western Carpathians. Flysch bedrock is formed by Cretaceous and Palaeogene marine sediments consisting of alternating sandstone and claystone layers of variable thickness (Buday 1967 , Kuča et al. 1992 .
The sites sampled in the hilly lowland of the Central Moravian Carpathians (n = 22), were distributed across an area of 864 km 2 . Flysch layers are frequently covered by loess in this region and calcareous cambisol is the prevailing soil type (Novák 1991) . Most of the sites are at lower altitudes (193-375 m) and have a lower annual precipitation (518-622 mm) and higher mean annual temperature (8.0-9.1
• C) than those in the other two regions (Fig. 2) . Grasslands often occur in small patches surrounded by arable land (Mackovčin et al. 2007) .
The sites in the upland fringes of the south-western White Carpathians (n = 26) were sampled in an area of 118 km 2 . The characteristic soil type is mesotrophic cambisol on calcareous subsoil (Novák 1991). The sites were sampled at altitudes of 333-611 m and were characterised by an annual precipitation of 655-860 mm and mean annual temperature of 7.3-8.0
• C. Grasslands often occur in large tracts in a mosaic-like landscape, which also contains forests, scrub, small wetlands and arable land (Mackovčin & Jatiová 2002) .
The sites in the upland region of the north-eastern White Carpathians (n = 14) were sampled in an area of 146 km 2 . In contrast to the previous region, oligotrophic cambisol on acidic bedrock is common (Novák 1991) . The study sites were sampled at altitudes of 401-662 m and had the highest annual precipitation (805-907 mm) and lowest mean annual temperature (6.7-7.6
• C) of the three regions. These sites comprised large meadow tracts within a landscape mosaic with forests, scrub, small wetlands and arable land (Mackovčin & Jatiová 2002) .
The landscape history of the three regions is closely connected with their geographical and climatic setting. Palaeoecological and biogeographical evidence suggests continuous existence of at least small patches of open land on fertile soils since the late glacial to the present in the dry hilly lowland region, and to a lesser extent also in the upland fringes (Ložek 2008) . These regions were continuously settled by humans throughout the Holocene and their grasslands developed following deforestation and were maintained as a result of combined effects of low precipitation and grazing by both domestic and wild herbivores. Higher altitudes with a wetter climate in the upland were colonised later, locally since the Eneolithic and Bronze Age, but to a greater extent as late as during the Wallachian colonisation in the 15th century (Jongepierová 2008; Hájková et al. 2011) .
Field sampling and data processing A total of 62 grassland sites were sampled in the three regions, between April and June 2005-2009 (Fig. 1) . At each site, a 1 m 2 plot was sampled in the central part of the grassland stands. Vascular plant species were recorded with their cover estimated according to the nine-degree BraunBlanquet scale (Westhoff & van der Maarel 1978) . After vegetation sampling, the upper soil layer was collected to a depth of 5 cm from four randomly chosen 25 × 25 cm 2 quadrats for quantitative sampling of snail communities. The snail samples were dried and extracted using standard procedures and separated by hand-sorting under a dissecting microscope (Ložek 1956; Kerney et al. 1983) . Live snails and empty shells were counted separately. Counts from the four quadrats within each 1 m 2 plot were combined. Counts of slugs (two species) were omitted because our sampling method did not allow accurate assessment of their occurrence and abundance (Oggier et al. 1998) . The nomenclature of plants and snails followed Danihelka et al. (2012) and Horsák et al. (2010) , respectively.
Topsoil samples were collected from each plot for laboratory measurements of pH and calcium content. Soil pH was measured using a GPRT 1400 AN pH meter (Greisinger Electronic GmbH, Regenstauf, Germany) in a 2:5 soildistilled water solution. Soil calcium content was measured by atomic absorption spectrophotometry (AAS 933 Plus, GBC Scientific Equipment, Melbourne, Australia) in an accredited laboratory (Agrolab, Troubsko, Czech Republic) from a 1:10 Mehlich III solution filtered after 10 min of shaking.
We used five explanatory variables: altitude, annual precipitation and mean annual temperature, obtained from digital maps based on the national climate atlas (Tolasz 2007 ) using the geographic information systems ArcGIS 8.3 (ESRI 2003) , and measured soil pH and calcium content.
Statistical analyses
For ordination analyses of vegetation, the plant species cover values recorded on the nine-degree Braun-Blanquet scale were replaced by mid-percentage values for each degree. For the ordination of snail communities, numbers of live individuals were used, because they reflect the current state of communities at each site at the time of sampling. Both plant and snail abundances were log-transformed as y = log(x+1), to reduce the influence of dominant species on the analysis. The species-by-plot matrices for both plants and snails were separately subjected to detrended correspondence analysis (DCA; Hill & Gauch 1980) . The ordination scores for each site were correlated with each other and with explanatory variables using the Spearman correlation coefficient. Canonical correspondence analysis (CCA; ter Braak 1987) and the Monte Carlo test with 1,999 permutations were used to test for differences among regions. The multivariate analyses were performed using the CANOCO 5 package (ter Braak & Šmilauer 2002) . Spearman correlation coefficients were calculated in STATISTICA 9 (Hill & Lewicki 2007) . To quantify the fidelity of individual plant and snail species to the three study regions (i.e. species occurrence concentration in these regions), we computed the Phi coefficient of association between the regions and each species, using the JUICE 7.0 program (Tichý 2002) . To remove the effect of different numbers of plots among the regions, we virtually equalised plot numbers according to Tichý & Chytrý (2006) . We defined species with a high fidelity to each region as those which had a Phi-value for a region higher than 0.4 for plants or 0.3 for snails and at the same time their concentration in the region was statistically significant at P < 0.05 (Fisher's exact test).
Local species richness of the grasslands in each region was quantified as the mean number of species per plot. Regional species richness of the grasslands, representing an estimate of their regional species pool, was calculated using sample-based rarefaction (Sanders 1968; Gotelli & Colwell 2001) , because plot numbers in each region were different (22, 26 and 14 plots). To eliminate the influence of the different spatial extent of each area (864, 118 and 146 km 2 ), we used spatially constrained rarefaction (Chiarucci et al. 2009 ) and calculated the rarefaction curves using an R program script written by A. Ghisla, G. Bacaro, D. Michalcová and D. Zelený. For snails, we considered two types of counts: the number of live snail species as a measure of local diversity and the number of all snail species as a measure of regional diversity.
We divided plant and snail species into four categories that reflected their habitat preferences, from species confined to treeless habitats to species confined to woodlands. Plant species were classified according to a database compiled by Sádlo et al. (2007) , in which each species of the Czech flora is assigned to one or more habitats. To divide snail species into these categories, we used the ecological classification according to Ložek (1964) and Lisický (1991) . The categories were as follows: (1) "grassland specialists" -species confined to treeless habitats; (2) "grassland preferentials" -species mostly occurring in treeless habitats; Explanations: Significances: bold typeface P < 0.006 (i.e. significant at P < 0.05 after the Bonferroni correction); normal typeface P < 0.05; n.s. -not significant. Fig. 3 . Detrended correspondence analysis (DCA) of plant and live snail communities: ordination of plots on the first two axes. The first two axes of plants explained 11.4% of the total variation (first axis 7.1%) and those of snails explained 23.6% of the total variation in snail data (first axis 13.8%). Only variables significantly related to species composition (P < 0.001) are shown. (3) "indifferent species" -species living in both treeless habitats and forests; and (4) "forest preferentials" -species confined to or preferring forests. The number of species belonging to each category was counted in all the plots and the percentage of each category was counted for each region.
Results
DCA ordination detected a single strong gradient of species composition changes, which were very similar for snail and plant communities (Table 1 ; correlation of the first DCA axes of snail and plant ordinations: r S = 0.79, P < 0.001). This gradient was closely associated with altitude, temperature, precipitation, pH and soil calcium content (Table 1, Fig. 3 ). The CCA revealed significant differences both in plant and snail species composition between hilly lowland and the other regions (upland fringes and upland), however, a significant difference between the upland fringes and upland was found only for vegetation, not for snails. The frequencies of species with the highest fidelity to each region are shown in Table 2 .
We found no significant correlation between the local species richness of plants and snails across sites (r S = -0.132, P > 0.05). The local species richness of plants did not differ significantly between regions (37 species on average in 1 m 2 plots, Fig. 4 ). Live snails had the highest local species richness (six species) in the upland fringes (Table 3) . We observed different patterns in local species richness of snails depending on whether we considered only live species or all snail species: if empty shells were added to the count, hilly Explanations: Local species richness is expressed as the mean number of species per 1 m 2 plot. Spatially constrained rarefaction was used to calculate the mean cumulative number of species found in the lowest common number of 1 m 2 plots, i.e., 14 plots.
lowland contained the highest number of snails (nine species). The highest regional species richness of plants was recorded in the upland fringes (160 species). In contrast, the highest regional diversities of both live and all snails (16 and 22 species) were found in the hilly lowland region (Table 3 ), although differences in live snail regional species richness between the hilly lowland and upland fringes were negligible (Fig. 5) . A significantly lower regional species richness of live and all snail species as well as plants was found in the upland.
The distribution of habitat preference categories of plants was similar for all regions (Fig. 6) . The most frequent categories were "grassland preferentials" and "indifferent species" (45% each). Less common were "grassland specialists", which were most frequent in the upland fringes (11.3%). "Forest preferentials" were rare in all regions, with a higher frequency in the upland fringes and upland (1.4% and 1.9%). For snails, the distribution of categories was more variable among the regions (Fig. 6) . From the hilly lowland through upland fringes to upland, the representation of species of treeless habitats (total number in the region as well as percentage in a plot) decreased (51.3%, 35.2%, and 22.4%, respectively). In contrast, representatives of the other three categories, which included species with a higher affinity to forest, increased from hilly lowland to upland, although their regional totals remained roughly constant.
Discussion
Similarity in plant and snail species composition We found a strong correlation between the main gradients of snail and plant species composition, suggesting that the key environmental factors influencing the distribution of both plant and snail species were the same. This is in agreement with previous studies that reported strong links between plant and snail species composition, both reflecting similar environmental factors (Boycott 1934; Cameron et al. 1980; Labaune & Magnin 2001 Horsák & Hájek 2003; Horsák et al. 2007a, b; Boschi & Baur 2008; Dvořáková & Horsák 2012 ).
Regional differences in species composition, environmental factors and landscape history The distribution ranges of several plant species typical of the hilly lowland are restricted to the dry and warm areas of southern Moravia, and those of others just reach the south-western margin of the upland fringes (e.g., Carex humilis, Chamaecytisus ratisbonensis and Viola ambigua). Other steppe species frequently found in the hilly lowland only have a scattered distribution in the upland fringes and avoid the upland (e.g., Aster amellus, Dorycnium germanicum and Thymus pannonicus agg.; Table 2a ). A drier climate in the hilly lowland also results in a high content of soil calcium, which is necessary for several calcicole species of steppe snails that occur exclusively or more frequently in this region (Granaria frumentum and Oxychilus inopinatus; Table 2b ). Such responses of plants and snails to macroclimatic differences between the regions are further enhanced by corresponding differences in regions' landscape histories. In the hilly lowland, a warm and dry region, there is a well-documented prehistoric settlement, with the existence of numerous open habitats since the Late Glacial (Ložek 1973 (Ložek , 2007 . The age and long-term continuity of open habitats probably contributed to the accumulation and preservation of a rich regional species pool of steppe species. However, in the upland fringes, a long-term persistence of open habitats from the Neolithic was also proposed, based on evidence from various sources ). This can still enable the survival of many grassland species, including several with a disjunctive distribution, ranging from continental steppe species to montane light-demanding species ).
The differences between the upland fringes and the upland were rather small and only significant for plant communities. Plant species indicative of heavier clayey soils and intermittently wet conditions (e.g., Sanguisorba officinalis and Molinia arundinacea; Table 2a) were typical of the upland fringes. The upland was distinguished from the other two regions by the presence of oligotrophic to mesotrophic species frequently growing in mesic pastures (e.g., Agrostis capillaris, Carex pallescens, Leontodon hispidus and Plantago lanceolata). These differences in species composi- tion between the upland fringes and the upland correlate with a larger proportion of sandstone to claystone in the upland than in the upland fringes, which makes upland soils more prone to cation leaching. In the wetter climate of the upland, such soils become more acidic, less fertile and more suitable for pastures than for hay meadows.
In contrast to plant species composition, we did not observe any significant differences in snail species composition between these two regions of the White Carpathian Mountains. The ecological conditions of these two regions (upland fringes and upland) appeared to be suitable for generalist species such as Punctum pygmaeum and Perpolita hammonis, and open-habitat species such as Vallonia pulchella and Vertigo pygmaea (Table 2b) . At certain sites in the upland fringes, especially on small-scale landslides where a stony soil reaches the surface (e.g., in the Zahrady pod Hájem National Nature Reserve), the steppe species Granaria frumentum also occurred, although it was otherwise confined to the hilly lowland. A possible explanation for the presence of this steppe element in the upland fringes is its survival throughout the Holocene in small patches of dry grasslands sustained by landslides, human activity or selective grazing by wild herbivores (Ložek 2008) . Nevertheless, most grasslands in the upland fringes and upland occur on deep soils, which originally developed under forests and are currently depleted in calcium due to leaching under humid conditions (Horsák 2008; Otýpková et al. 2011) , and therefore lack steppe species.
The distribution of habitat preference categories Whereas the proportion of forest plant species within particular 1 m 2 plots was negligible (< 1%) and was similar for all regions, the total numbers of forest species in the three regions were different. We found that forest species contributed more importantly to grassland diversity at the regional scale in the upland fringes (12 species, representing 6% of the regional species richness) (Fig. 6) . Rich source populations of these forest species are supported by shaded habitats under the scattered trees that are a typical feature of some of the species-richest sites in the upland fringes. It has repeatedly been documented that several forest herb species can survive around trees scattered in these grasslands, and thus enrich the grassland communities (Klimeš 2008; Doležal et al. 2010) , although these species rarely occur outside forests elsewhere in Central Europe. Other possible explanations for a higher number of forest species entering the upland fringe grasslands might be a later mowing date, a higher percentage of forest cover and a wetter climate in the upland fringes and upland regions.
Similarly, a dry climate and higher proportion of open habitats in the hilly lowland region can serve as a possible explanation for the low representation of forest and indifferent snail species in this region, both in their proportion in plots and their total numbers in the region. However, these conditions led to the highest species pool of the hilly lowland region due to the occurrence of numerous drought-adapted thermophilous species with Meridional and Pontic distributions (Table 2c, Fig. 6 ), requiring a higher soil calcium content and a warmer and drier climate. Common examples of these snails are Granaria frumentum, Cecilioides Fig. 6 . Distribution of habitat preference categories of plants and snails within the three regions. Column fractions with different intensities of shading indicate the mean percentage of these categories within plots in each region; the numbers in the column fractions represent the total numbers of species of each category in the regions. Categories: grassland specialists -species confined to treeless habitats; grassland preferentials -species mostly occurring in treeless habitats; indifferent species -species inhabiting both treeless habitats and forests, and forest preferentials -species confined to or preferring forests.
acicula, Cepaea vindobonensis, and rarely also Chondrula tridens and Xerolenta obvia; the latter two were recorded as empty shells only in the hilly lowland region.
Using live and all snail species counts For snails, we obtained different results depending on whether live specimens only or all specimens including empty shells were used in the species counts (Table 3) . Such differences between the number of live and all snail species might be closely related to the amount of soil calcium (Claassen 1998; Cernohorsky et al. 2010) or to the decomposition rate of shells of particular species (Ménez 2002; Pearce 2008) . As the conditions for shell preservation are more favourable in the hilly lowland due to its calcium-rich soils and drier climate, using the number of all snail species might provide an exaggerated estimate of local species richness in the hilly lowland compared to the other regions, because old empty shells persist longer and in greater numbers there and the chance to record more species increases with the number of preserved individuals. Thus, in this study, we considered the number of live snail species to be a better measure of local species richness for the comparison among the regions.
In contrast to local species richness of snails, we considered the numbers of all snail species (including empty shells) to be a more accurate measure of the regional species richness of snails. This approach allowed us to also capture low-abundant species (probably present in some plots, but not recorded as live during the sampling) or species occurring in the close vicinity of the plots. Their presence in the plots was highly probable, especially if there were many freshly dead shells (i.e. with an intact periostracum).
Local species richness of plants and snails Merunková et al. (2012) found significantly more plant species in the White Carpathians (our upland fringes and upland) than in the Central Moravian Carpathians (our hilly lowland), both in 1 m 2 and 100 m 2 plots.
However, they focused on the most species-rich grassland sites of these areas. In the present study, we did not select sampling sites according to their species richness, therefore, there was a large variation in species numbers in our plots, resulting in non-significant differences among the regions. In the poorest plot of the upland fringes (landslides in the Zahrady pod Hájem National Nature Reserve), we found only 23 plant species per 1 m 2 . Alternatively, in the nearby Jazevčí National Nature Reserve, we sampled the richest plot of the entire data set, containing 58 species of vascular plants per 1 m 2 . Even this number is far from the record value of 67 vascular plant species per 1 m 2 reported by Klimeš et al. (2001) from the Čertoryje National Nature Reserve, located close to two previous sites.
The same region, upland fringes, hosted significantly more live snail species per plot than the other regions (Fig. 4) . This was probably caused by conditions suitable for both generalist and steppe specialist species. Firstly, the dry conditions of the hilly lowland grasslands do not support a frequent occurrence of common generalist snail species (Ložek 1962; Dvořáková & Horsák 2012) . Ondina et al. (2004) reported high moisture requirements for several species (e.g., Cochlicopa lubrica, Vertigo pygmaea and Perpolita hammonis) which were present in our plots, mainly from the upland fringes and upland (Table 3) . Moisture is welldocumented as an important factor influencing the composition of grassland snail communities (Davies & Grimes 1999; Martin & Sommer 2004a; Hettenbergerová et al. 2013 ). Secondly, a low calcium content of upland grasslands is not suitable for the presence of steppe species and is suboptimal even for common species of open habitats (Table 2b) . This is in a good agreement with previous botanical studies (Klimeš 1997 (Klimeš , 2008 Merunková et al. 2012) , which proposed that the extraordinary high local species richness of vascular plants in some White Carpathian grasslands probably resulted from a combination of many local and regional factors. The key local factors presumably included a suitable soil pH, soil nutrient status, moisture regime and management (Klimeš 2008; Škodová et al. 2008; Merunková et al. 2012) . However, this would not be sufficient to achieve such a high species richness without a sufficiently large species pool, which was probably preserved because of a long continuity of grasslands. Studies from other European grasslands suggest that age and continuity have a positive effect on the local diversity (Pärtel & Zobel 1999; Bruun et al. 2001; Poschlod et al. 2008; Waesch & Becker 2009) , particularly on the numbers of habitat specialists, as was also found in the Western Carpathian treeless fens . Similarly, our results reveal the lowest regional species richness of both snails and plants in the upland, where grasslands have on average the shortest history among the study regions, whereas the highest regional species richness of plants was found in the upland fringes. Michalcová et al. (2014) also compared the plant species pools of four southern Moravian regions including the White Carpathians, based on extensive phytosociological and floristic grid records. Unlike in our study, they considered the White Carpathians as a single region (including both upland fringes and upland ), compared them with other regions and estimated the species pool for all types of grassland vegetation together. They concluded that the species pool of grassland plants in the White Carpathians is not significantly larger than that in other regions of southern Moravia, although the alpha diversity of the White Carpathian grasslands is greater. Thus, the extremely high local richness of some plots in the White Carpathians cannot be considered as a function of a larger species pool size. A similar conclusion can be drawn from our data for live snails, in which local species richness was also highest in the upland fringes region, whereas the largest regional richness was recorded in the hilly lowland. Thus, the species pool size is probably not one of the most important determinants of local species richness of either plant or snail communities in the south-western White Carpathians and adjacent regions. However, there are inherent differences among the studied regions in local abiotic conditions, habitat configuration and landscape and management history, which have acted in concert to create the current pattern of plant and snail diversity.
